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The a v e s t i g a t i o n  of t h e  spectral a lbedo  o f  natural u n d e r l y i n g  sur- 

faces is a matter of g r e a t  i n t e r e s t  for the! s o l u t i o n  of a v a r i e t y  of prob- 

l ems  i n  the f i e l d s  o f  meteoro logy ,  b i o c l i m a t o l o g y ,  l i g h t i n g  phys io logy ,  

a e r i a l  photography and o t h e r  b ranches  o f  s c i e n c e .  B u t  t h e  i n f o r m a t i o n  

currently rzvailab3.s on the spectral a lbedo  i s  f r agmen ta ry  and none t o o  

r e l i a b l e .  

surfaces have been a c q u i r e d  by = k i n g  Eeasurements  with  g l a s s  l i g h t  fil- 

t e r s ,  c h a r a c t e r i z e d  by 

A l l  t h e  data  on t h e  s p e c t r a l  albedo o f  n a t u r a l  u n d e r l y i n g  

gh l e v e l  of r a d i a t i o n  f i l t r a t i o n ,  or 5y lea- 

ess Qf v a r i o u s  n a t u r a l  f o r n a t i o n s  i n  f ixed 

d i r e c k i i o n s  w i t h  t h e  u s e  of rnonochrometers and  pho tograph ic  o r  photo- 

e l e c t r i c  s p c t r u m  r e c o r d i n g  13.3. In the flrst  case t h e  measurements 

m j z e  i t  ps s i ' o i e  to deter re ine  t h e  &bedo i n  t h e  u s u a l  sense  ( t h e  r a t i o  

of h e n i s s t e r l c  stream o f  r e f l e G t e d  an& i o c i d e n t  r a c 5 a t i o n ) .  B u t  trie re- 

l a t i o n s h i p  between t t e  albedo and  aavelength canno t  b e  a d e q u a t e l y  cmr-  

a c t f r i z e d  by the use of large and f r e q u e n t l y  o v e r l a p p i n g  r e g i o o s  o f  t h e  

spec t rum.  I n  the  l a t t e r  case, monochromatizat ion i t 3  q u i t e  s a t i s f a c t o r y  

b u t  what i t  measures  i s  t h e  b r i g h t n e s s  which is i d e n t i c a l  w i t h  t h e  a l b e d o  

o n l y  when t h e  r e f l e c t i n g  s u r f a c e s  a r e  o r t h o t r o p i c a l .  E u t  the a c t u a l  un- 

d e r l y i n g  s u r f a c e s  a r e  always n o n - o r t h o t r o p i c a l  f23. 

In 1953-54 t h e  department af a tmospher i c  physics o f  t h e  Leningrad  

University d e s i s n e d  a s p e c t r o p n o t o a e t e r  w i t h  a p h o t o e l e c t r i c  r e c o r d i n g  

d e v i c e  that made i t  p o s s i b l e  for the f i r s t  t i m e  t o  make f a i r l y  r e l i a b l e  



b a s i c  components of this d e v i c e ,  d e s c r i b e d  i n  (31,  are: a p h o t o m e t r i c  

sphere whose i n t e r n a l  s u r f a c e  i s  covered w i t h  a magnesium oxide (radia- 

tion r e c e i v e r ) ,  a monochrometer with o p t i c a l  glass, and an F E U - 1 9  photo- 

e l e c t r i c  m u l t i p l i e r  with a d i r e c t  c u r r e n t  a m p l i f i e r .  T h e  use o f  a mono- 

chrcrmeter with o p t i c a l  g lass  made i t  p o s s i b l e  t o  measure the s p e c t r a l  

albedo w i t h i n  a wavelength  r a n g e  of  0.40-0.85 micron ,  

t h e  2neLsured s p e c t r a l  s e c t i o n s  i n  t h e  ment ioned  wavelength  area f l u c -  

t u a t e d  from 5 t o  35 m i l l i m i c r o n .  

The w i d t h  o f  

T n e  p r e l i m i n a r y  r e s u l t s  o f  t h e  albedo measurements on c e r t a i n  sur- 

f a c e s  made i n  1955 a r e  c i t e d  i n  work [ 3 ] .  

s i n c e  t h a t  t i m e  a n d  been  expanded i n  c o n n e c t i o n  w i t h  t h e  I n t e r n a t i o n a l  

G e o p h y s i c a l  Year. 

I n v e s t i g a t i o n s  h a v e  c o n t i n u e d  

The purpose of this article is t o  a n a l y z e  t h e  measurements  of t h e  k4.J 

s p e c t r a l  albedo of various n a t u r a l  u n d e r l y i n g  s u r f a c e s  made i n  t h e  p a s t  

two years at the  Karadag A c t i n o m e t r i c  O b s e r v a t o r y  [Crirnea) near t h e  

K o i t u s h i  s e t t l e E e n t  ( L e n i n g r a d  o b l a s t )  a n d  a t  t h e  s c i e n t i f i c  t r a i n i n g  

s t a t i o n  o f  t h e  Leningrac! U n i v e r s i t y  i n  t h e  v i l l a g e  o f  S a b l i n o  (Leningrad  

o b l a s t ) .  Major a t t e n t i o n  has been f o c u s e d  on t h e  study o f  t h e  a lbedo  o f  

t h e  snow c o v e r  which v a r i e s  a g r e a t  dea l  w i t h  t h e  s t a t e  of t h e  snow c o v e r  

and l ig-h t i n g  c o n d i t i o n s  , 

1. The Snow Cover  

The numerous measurements of t h e  i n t e g r a l  a l b e d o  o f  t h e  snow c o v e r  

[l, 4 J  are  i n d i c a t i v e  o f  a h i g h  degree o f  v a r i a b i l i t y  o f  the snow albedo.  

T h e  a l b e d o  zhanges from v a l u e s  c l o s e  t o  1 t o  a b o u t  0.30 ( impure  wet snow 

a t  t h e  e n d  o f  t h e  snow-melting s e a s o n )  depending  on t n e  c o n d i t i o n  o f  t n e  

snow c o v e r  ( s t r u c t u r e ,  i m p u r i t y ,  ~ e t n e s s ,  compactness) .  The i n t e g r a l  
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I t i o n ,  t h e  c h a n g i n g  s p e c t r w  composi t ion  o f  i n c i d e n t  r a d i a t i o n ) .  The 

snow &bedo is t o  a l esser  extent.  a-ffecteci 'ny l i e h t i ~ g  ~ ~ s d ~ t i c l ? , ~  (the 

h e i g h t  o f  t h e  s u n ,  t h e  a n g u l a r  i n t e n s i t y  d i s t r i b u t i o n  o f  s c a t t e r e d  r a d i a -  ~ 

dayt ime changes o f  t h e  i n t e g r a l  albedo o f  t h e  snow cover, yroduced  by 

c h a n g i n g  l i g h t i n g  c o n d i t i o n s ,  a r e  t h e r e f o r e  not v e r y  prominent .  

I In some cases o f  a s t a b l e  snow c o v e r  v i i t h  i n v a r i a b l e  p r o p e r t i e s ,  the 
I 
, dayt ime change6 o f  t h e  i n t e g r a l  a lbedo  cannot  b e  d i s c e r n e d  a t  all c43. 

Not c o u n t i n g  t h e  s m a l l  number o f  p y r a n o m e t r i c  measurements w i t h  t h e  

u 5 e  o f  g lass  l i g h t  f i l t e r s  and t h e  few neasurements  o f  t h e  s p e c t r a l  co- 

e f f i c i e n t s  o f  t h e  snow b r i g h t n e s s  [l, 41, t h e  s p e c t r a l  a l b e d o  o f  snow 

has  p r a c t i c a l l y  not been  i n v e s t i g a t e d .  T h i s  a c c o u n t s  f o r  the p r i o r i t y  

g iven  i n  t h i s  work o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  r a d i a t i o n  r e f l e c t i o n  by 

t h e  s n o 1  cover i n  v a r i o u s  r e g i o n s  o f  t h e  syectrum. 

The o b s e r v a t i o n s  d i s c u s s e d  f u r t h e r  on were made  n e a r  t o  K o l t u s h i  

(March, 1957) and t h e  s t a t i o n  o f  S a b l i n o  (February-AFr i l  1958). 

I n  view o f  t h e  m u l t i p l i c i t y  of  f a c t o r s  d e t e m i n i n g  t h e  c h a n g i n g  al- 

bedo o f  t h e  sno% c o v e r ,  w e  shall first discuss t h e  g r o q  of  f a c t o r s  char- * 

a c t e r i z i n g  t h e  e f f e c t  o f  t h e  snow c o n d i t i o n  o n  t h e  s p e c t r a l  albedo. We 

w i l l  t h e n  s t u d y  t h e  e f f e c t  o f  t h e  l i g h t  c o n d i t i o n s  a n d ,  i n  c o n c l u s i o n ,  

a n a l y z e  t h e  dayt ime c h a r a c t e r i s t i c s  o f  t h e  s p e c t r a l  a l b e d o  o f  t h e  snow 

cove r .  Vie should p o i n t  o u t ,  however, a s t r i c t  d i f f e r e n t i a t i o n  o f  t h e  

e f f e c t  of i n d i v i d u a l  f ac to r s  w i l l  be i m p o s s i b l e  as t h e  ac tua l  o b s e r v a t i o n  

c o n d i t i o n s  always i n v o l v e  a complex p i c t u r e  o f  "interwoven" f a c t o r s .  

k i g u r e  1 shows t h e  a v e r a g e  r e s u l t s  o f  11 s e r i e s  o f  o b s e r v a t i o n s  o f  

d r y  p u r e  snow i n  t h e  c o u r s e  o f  t h r e e  c l o u d l e s s  days .  The o b s e r v a t i o n s  

were o c c a s i o n a l l y  marred  by  t h e  a p p e a r a n c e  o f  c i r r u s  c l o u d s ,  s n o w d r i f t  

o r  haze .  But d e s p i t e  t h e  similar o b s e r v a t i o n  c o n d i t i o n s  d u r i n g  t h o s e  '-,- 
t h r e e  d a y s ,  t h e  a l b e d o  r e v e a l e d  c o n s i d e r a b l e  d i f f e r e n c e s  on d i f f e r e n t  
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g i o n  and an increasing a l b e d o  i n  t h e  r e g i o n  near t h e  i n f r t i r e d  spec t rum.  

The r e f l e c t i o n  s e l e c t i v i t y  wzs not  v e r y  pronounced.; The  i n c r e a s i n g  al- 
i 

bedo w e  f o u a d  i n  t h e  s h o r t w a v e  r e g i o n  fully agrees w i t h  t h e  mezsurements  

o f  the s p e c t r a l  b r i g h t n e s s  c o e f f i c i e n t s  o f  f r e s h l y  f a l l e n  E ~ O F  t aken  by 

E. L. Krinov [ 5 ] ,  b u t  c o n t r a d i c t s  t h e  r e s u l t s  a c h i e v e d  by I?. E. K a l i t i n  

[ 6 ]  i n d i c a t i n g  a monotonic d iminut ion  o f  the a l b e d o  i n  t h e  d i r e c t i o n  

from t h e  v i s i b l e  t o  the  u l t r a v i o l e t  r e g i o n  o f  t h e  s p e c t r u m .  The l a t t e r  

c i r c u m s t a n c e  is e x p l a i n e d  by t h e  fac t  t h a t  t h e  maximum a l b e d o  o c c u r s  

near t h e  410-450 m i l l i m i c r o n  wavelength,  w h i l e  t h e  e f f e c t i v e  w a v e l e n g t h  

of t h e  l i gh t  f i l t e r s  u s e d  by  K. N. K a l i t i n  f o r  t h e  s h o r t w a v e  s p e c t r a l  

r e g i o n  amounts t o  380 a n d  450 m i l l i m i c r o n .  The m a x i m u m  r e f l e c t i o n  i n  

this case sa6 t h e r e f o r e  by-passed i n  v iew o f  t h e  i n a d e q u a t e  r e s o l v i n g  

c a p a c i t y  of t h e  e n t i r e  s e t  o f  l i g h t  f i l t e r s .  It w a s  t h e  f i r s t  t ime we 

o b s e r v e d  the i n c r e a s i n g  a l b e d o  i n  t h e  n e a r  i n f r a r e d  r e g i o n  o f  t h e  spec- 

trum. E. L .  Kr inov ' s  data [ 5 ]  r e v e a l  o n l y  an i n s i g n i f i c a n t  i n c r e a s e  in 

t h e  albedo i n  t h e  d i r e c t i o n  o f  l o n g  waves i n  soae cases ,  and M. N .  

Kalitin C61 made use o f  l i g h t  f i l t e r s  d e s i g n e d  f o r  e f f e c t i v e  wavelengths  

o f  600 and 900 m i l l i m i c r o n s  i n  t h e  n e a r  i n f r a r e d  r e g i o n  o f  t h e  spec t rum.  

Accord ing  t o  [ 6 ] ,  an a l b e d o  

)) = 660 d f l i m i c r o n .  

a l b e d o  is m o n o t o n i c a l l y  d i m i n i s h e d  w i t h  t h e  i n c r e a s i n g  w a v e l e n g t h s  i n  

t h e  nea r  i n f r a r e d  r e g i o n  o f  t h e  spectrum. The nonochrometer  a t  o u r  d i s -  

h = 900 m i l l i m i c r o n  i s  l e s s  t h a n  one f o r  

T h i s  prompted N. N.  K a l i t i n  t o  c o n c l u d e  t h a t  t h e  

p o s a l  e n a b l e d  u s  t o  n e a s u r e  t h e  wavelength  up t o  a b o u t  800 m i l l i m i c r o n .  

R e  t h e r e f o r e  do  n o t  h a v e  the i n f o r m a t i o n  f o r  A> 800 millimicron. But 

a n  exa rc ina t ion  o f  t h e  r e s u l t s  c i t e d  i n  F ig .  1 c l e a r l y  i n d i c a t e s  a n  i n -  

c r e a s i n g  a l b e d o  i n  t h e  r e g i o n  of  h > 650 m i l l i m i c r o n .  If t h e  r e s u l t s  
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a c h i e v e d  in 

800 n i l l i c r o a  s a v e l e n g t h .  

are v a l i d ,  a m i l d m u m  r e f l e c t i o n  s h o u l d  o c c u r  n e a r  t h e  

As was a l r e a d y  p o i n t e d  o u t ,  t h e  c u r v e s  shown 

i n  f i g .  2 r e p r e s e n t  t h e  a v e r a g e s  o f  a number o f  similar c u r v e s  o b t a i n e d  

for a g i v e n  day, 

t h e  s p e c t r a l  a l b e d o  o f  t h e  snow cove r  g o e s  t h r o u g h  considerable changes 

An anayps3.s o f  t h e  " u n i t "  curves would reveal t h a t  

rse  o f  a day. T h i s  can be s e e n  in Fig. 2, for exmple. A 

c l o s e  look at  t h a t  figure r e v e a l s  t h a t  t h e  r e l a t i o n s h i p  between t h e  al- 

bedo a n d  t h e  wavelength  g o e s  through s u c h  s u b s t a n t i a l  changes i n  t h e  

c o u r s e  o f  t h e  day  t h a t  i t  even loses its b a s i c  q u a l i t a t i v e  c h a r a c t e r -  

i s t i c s .  

r e g i o n s  o f  t h e  spec t rum o b s e r v a b l e  i n  t h e  forenoon and at noon shift to -  

ward t h e  c e n t e r  o f  the spectral section under i n v e s t i g a t i o n  (5QO-6500 

The m a x i m u m  a l b e d o  i n  t h e  u l t r a - & a l e t  and  t h e  n e a r  i n f r a r e d  

m i l l i m i c r o n ) .  

l e n g t h  becomes similar 

should be pointed out that these  d a t a  were o b t a i n e d  u n d e r  chang ing  l i g h t -  

And here t h e  r e l a t i o n s h i p  between t h e  a l b e d o  and t h e  wave- 

t h e  one obse rved  by 11. N. K d i t i n  ( 6 ) .  It 

i n g  c o n d i t i o n s  (fro= a c l e a r  t o  an o v e r c a s t  sky  -- see Appendix 1). 

Pig, 1. 
c l o u d l e s s  sky  Caverzge r e s u l t s ) .  

1 - March 4, 1957. Dry, compact, pure and l a r g e - g r a i n e d  snow; 
2 - Narch 7, 1957. Dry, l o o s e  arid fresh snow; 
3 - Piarch 23, 1957. Fresh, d r y ,  l a o s e  a n d  h i l l y  snow. 

The relationship between the  snow a l b e d o  and wave leng th  xnder  a 
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It is FOSSible t h a l  this s u b s t a n t i a l  v a r i a b i l i t y  of t h e  s p e c t r a l  

a l b e d o  a c c o u n t s  i n  l a r g e  E e a s u r e  for t h e  discrepancy between o u r  a v e r a g e  

d a t a  and r 3 .  N. K a l i t i n ' s  r e s u l t s .  The fact t h a t  N. N .  K a l i t i n ' s  obser- 

v a t i o n s  were made p r i m a r i l y  under a c o n t i n u o u s  o v e r c a s t  a p p a r e n t l y  also 

p l a y s  an i m p o r t a n t  p a r t ,  

0-3 

Fig. 2, 
u n d e r  a c l o u d l e s s  sky. 

March 4, 1957. K o l t u s h i .  Compact, p u r e  and l o n g - g r a i n e d  snow. 
1 - 11:OO a m ;  2 - 12:OO noon; 3 - 1 : O O  pm; 4 - 2:OC pm; 5 - 3:oo pm; 
0 - 4:OO pn; 7 - 5:OO pm. 

The r e l a t i o n s h i p  between t h e  snow a l b e d o  a n d  t h e  w a v e l e n g t h  

dPhe v a r i a b i l i t y  o f  t h e  s p e c t r a l  d i s t r i b u t i o n  o f  t h e  a l b e d o  i n  t h e  

c a s e  o f  f r e s h  snow i s  p a r t i c u l a r l y  i m p o r t a n t  f o r  t h e  short waves ( A < 
450 m i l l i m i c r o n ) .  Curve 3 ,  F i g .  1, for example,  w a s  o b t a i n e d  b y  averag-  

ing up s i x  s e p a r a t e  c u r v e s  i n  t h e  p e r i o d  between 10:45-17 o'clock cor- 

r e s p o n d i n g  t o  t h e  a l b e d o  v a l u e s  for Wavelengths  o f  about 400 m i l l i m i -  

c r o n s  which change  nonmonotonously w i t h  t i m e  from 50 t o  80%. 

be p o i n t e d  o u t  t h a t  t h e  haze i n  t h e  s e c o n d  h a l f  of t h e  day on 23 March 

1957 produced  a p a r t i c u l a r l y  s h a r p  change i n  t h e  a lbedo .  

p r e s e n t i n g  f r e s h  snow i n  Fig. 1, is t h e r e f o r e  so a b n o r m a l l y  low i n  t h e  

s h o r t w a v e  r e g i o n .  I n t e n s e  v a r i a b i l i t y  o f  t h e  s p e c t r d l  a l b e d o  i s  t y p i -  

c a l  a l s o  of  m e l t i n g  and impure s n o w .  

It  shou ld  

Curve 3 re- 
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As for t h e  c a u s e s  o f  t h e  c o n s i d e r a b l e  changes  of  the s p e c t r a l  d i s -  

t r i b u t i o n  o f  t h e  a l k e d o  i n  t h e  c o u r s e  o f  t h e  day,  t h e y  a r e  undoubtedly  

Date 

due p r i m a r i l y  t o  t h e  c h a n g e a b l e  c o n d i t i o n  o f  t h e  snow c o v e r  a n d  t h e  

T i m e  kloucki-  Vi a v e l e n g  t n ( r n i l l i m i c r  on 1 
3.1 t15 1,142 1 ci 00 

Albedo ("1 

s p e c t r a l  a l b e d o .  C o n s i d e r a b l e  a t t e n t i o n  i s  now b e i n g  f o c u s e d  on  t h e  

development o f  methods f o r  c a l c u l a t i n g  t h e  i n t e g r a l  a l b e d o  o f  t h e  snow 

cover  on t h e  b a s i s  o f  t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  t h e  l a t t e r .  

This i s  a u s e f u l  a n d  d e s i r a b l e  f i e l d  of i n v e s t i g a t i o n .  

however, t h a t  t h e  s o l u t i o n  o f  t h e  i n v e r s e  problem,  t h a t  i s ,  t h e  d e t e r -  

I t  is p o s s i b l e ,  

m i n a t i o n  o f  t h e  p r o p e r t i e s  o f  t h e  snow c o v e r  by t h e  s p e c t r u m  o f  radia- 

t i o n  r e f l e c t i o n ,  is j u s t  as promising.  A t  a n y  r a t e ,  t h e  successful  i n -  

Y e E t i g a t i o n s  o f  t h e  p r o p e r t i e s  o f  m t t e r  a n d  on  t h e  basis  o f  r e f l e c t i o n  

s p e c t r a  c a r r i e d  o u t  i n  r e c e n t  y e a r s  i n  t h e  field o f  p h y s i c a l  o b j e c t s  a n d  

s p e c t r o s c o p y  J u s t i f y  an o p t i m i s t i c  a t t i t u d e  toward  t h e  p o s s i b l e  solu- 

t i o n  o f  t h e  ment ioned  i n v e r s e  problem. 

k ' I f  a more o r  l e s s  marked i n c r e a s e  i n  t h e  a l b e d o  i n  t h e  d i r e c t i o n  o f  

s n o r t  a n d  l o n g  waves is o n  t h e  a v e r a g e  c h a r a c t e r i s t i c  o f  d r y  a n d  p u r e  

snow, t h e  o p p o s i t e  i s ,  as  a r u l e ,  true o f  impure o r  wet  snovi. This 

m a y  b e  Eeen ,  for example,  from F i g .  3 where t h e  figures a F F l y  t o  dry, 

i E p u r e  a n d  porous  snow. 

K a t u r a f l y ,  t h e  s p e c t r a l  a lbeda  o f  a l l  w a v e l e n g t h s  d i m i n i s h e d  w i t h  

t h e  i n c r e a s i n g  c o n t a m i n a t i o n  a n d  w e t n e s s  o f  t h e  snow. This p o i n t  is il- 

l u s t r a t e d  by  t h e  r e s p e c t i v e  f i g u r e s  c i t e d  i n  Table l. 

T a b l e  1 
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Fig. 3 .  
under a c l o u d l e s s  sky. 

Rarch  31, 1gg8. 

The r e l a t i o n s h i p  between t h e  snow albedo and  t h e  wave leng th  

Wet a n d  ixpure  s n o w r  I - 12:OO noon; 2 - 12:OO noon;  
3 - l:QO p"; 4 - 5:OO Fm; 5 - 6:C3ct pm, 

A p p a r e n t l y ,  t h e  maximum a l b e d o  i n  t h i s  case i s  p r e s e r v e d  b u t  t h e  

a l b e d o  m a g n i t u d e s  a re  s u b s t a n t i a l l y  r educed .  

roughness  u f %he ow cover a l s o  has a c o n s i d e r a b l e  e f f e c t  on 

t h e  magnitude of  the a l b e d o ,  

a l b e d o  is c i t e 6  i n  Table 2, As t o e  f i g u r e s  in t h a t  t a b l e  as w e l l  as 

o t h e r  o b s e r v a t i o n  r e s u l t s  i n d i c a t e ,  t h e  s n w  a l b e d o  d i m i n  s h e s  i n  ail 

t h e  w a v e l e n g t h s  under  c o n s i d e r a t i o n  w i t h  i n c r e a s i n g  snox  roughniess 

( o t h e r  c o n d i t i o n s  b e i n g  equal). 

An example of  t h e  r o u g h n e s s  e f f e c t  on t h e  

T a b l e  2 

The r e l a t i o n s h i p  between t h e  s p e c t r a l  a l b e d o  
and  t h e  r o u g h n e s s  o f  the snow cover 

3/7/57 10 O/O Dry, pu re  and l o o s e  snow 

3/17/57 10 O / O  Dry, pure  a n d  l o o s e  snow 
and flat s u r f a c e  73 76 73 70 

haze and uneven s u r f a c e  65 61 60 60 

This r e s u l t  is q u i t e  natural f r o m  t h e  p o i n t  o f  view of t h e  g e n e r a l  

c o n c e p t s  o f  t h e  e f f e c t  o f  roughness  o s  t h e  a lbedo .  

I 
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s p e c t r a l  a lbedo  of  snow i s  t h e  c o n d i t i o n  o f  t h e  snow cover ( t h e  snow 

s t r u c t u r e ,  wetness, i E p u r i t y  and r o g g k a e s s ) .  There  i s  n o  doub t ,  however, 

t h a t  l i g h t f n g  c o n d i t i o n s  a l s o  play an i m p o r t a n t  p a r t .  Obv ious ly ,  t h e  '* 

change o f  t h e  spectral albedo o f  t h e  scow w i l l  depend c)n t h e  nature o f  

t h e  angular d i s t r i b u t i o n  o f  t h e  i n c i d e n t  r a d i a t i o n  i n  view of t h e  non- 

i s o t r o p i c  a s p e c t  o f  t h e  r a d i a t i o n  r e f l e c t i o n  by t h e  snow. 
I 

@Y .-I 
a-2 

Fig. 4. 
unde r  a high o v e r c a s t  o r  a clear sky and t u r b i d  a tmosphere .  

1 - March 18, 1957. Fresh, f i n e - g r a i n e d  a n d  pare snow. 
2 - March 4, 1957. Compact, p u r e  and l a r g e - g r a i n e d  snow. 

The r e l a t i o n s h i p  'DetEeen t h e  s n m  a l k e d o  and t h e  - ,cavelength 

s i n c e  the n a t u r e  of t h e  a n g u l a r  d i s t r i b u t i o n  o f  t o t a l  r a d i a t i o n  i s  

f i r s t  o f  a l l  de te rmined  by o v e r c a s t  c o n d i t i o n s ,  t h e r e  must be a r e l a t i o n -  

s h i p  between t h e  s p e c t r a l  a lbedo  of  the snow and t h e  overcast. Unfor- 

t u n a t e l y ,  i t  is v e r y  d i f f i c u l t  t o  " i so la te"  the  e f f e c t  o f  t h e  o v e r c a s t  

as t h e  c o n d i t i o n  o f  t h e  snow cover  r a p i d l y  changes  and ,  what  i s  more i r n -  

p o r t a n t ,  t h a t  change canno t  always be c o n t r o l l e d .  C e r t a i n  q u a l i t a t i v e  

conclusions can b e  made, however, on t h e  e f f e c t  o f  t h e  o v e r c a s t  coria- 

1 

t i o n  on t h e  s p e c t r a l  a l b e d o  o f  t h e  S ~ O P ; .  Fig.  Lt shows t h e  a v e r a g e  

c u r v e s  r e p r e s e n t i n g  a s p e c t r a l  a lbedo  o v e r  s e v e r a l  day6 w i t h  a h i g h  
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I dry and pure  but somewhat d i f f e r e n t  i n  s t r u c t u r e .  The d a t a  i n  F i g .  4 
~ 

I can be compared w i t h  t h e  r e s u l t s  c i t e d  i n  Fig. 1 frool the p a i n t  of  v i m  

o f  t h e  snow-cover conr i i t ion .  Such a comparison shows t h a t  t h e  appear -  

l ance of c louds  o r  haze i n v o l v e s  a c o n s i d e r a b l e  change i n  t h e  r e l a t i o n -  , 
s h i p  between t h e  a lbedo  and t h e  wave l e n g t h .  

of F i  

The "two-humped" cu rves  

e q u i t e  d i f f e r e n t  fsoa t h o s e  o f  Fig. 1, The appearance  of 

h igh  c l o u d s  a p p a r e n t l y  reduces  t h e  a l b e d o  i n  t h e  d i r e c t i o n  o f  t h e  s h o r t -  

e s t  -aid l o n g e s t  waves and  prociuces two m a x i m a  i n  t h e  i n t e r m e d i a t e  r e -  

g ions  o f  t h e  spectrum. 

e n t l y  o u i t e  c h a r a c t e r i s t i c  bu t  not t h e  only  one. 

Such an albedo-wavelength dependence i s  appar- 

The d i v e r s i t y  of  t h e  

a l b e d o  d i s t r i b u t i o n  i n  t h e  spectrum under  a n  overcast, j u s t  as fn t h e  

I case  of a cloudless sky (Fig.  21, is ve ry  g r e a t .  The d a t a  i n  F ig .  5 
1 

can se rve  as an example o f  t he  v a r i a b i l i t y  o f  t h e  "uni t"  c u r v e s  of t h e  i 
I 

spectral  a lbedo under  a cont inuous  medium and low o v e r c a s t .  

F ig .  5. 
under a con t inuous  rnediurn a n d  low o v e r c a s t .  Pure, dry, compact and 
f ine -g ra ined  snow. 

1 - 9 :20  aa, 10/0; 2 - 1 : O G  pm, 10/0; 3 - 3 : G O  pa, l O / O ;  4 - 4 : O O  pa, 
10/f0 Narch 26, 1953. 

The r e l a t i o n s h i p  between t h e  snow a lbedo  and t h e  wavelength 

Le t  us take a look a t  t h e  ress l ts  c h a r a c t e r i z i n g  t h e  d a i l y  pattern 

o f  t h e  s p e c t r a l  and i n t e g r a l  albedo of  t h e  snow. The d a i l y  c o n d i t i o n  , 
I 



L 

o f  t h e  s F e c t r a l  snow BZbedo i s  d e t e m i n e d  by a con;plex and almost: jnfiii- 

~ 

v i s i b l e  i n t e r a c t i o n  o f  two f a c t o r s :  t h e  c h a n g i n g  c o n d i t i o n  o f  t h e  snow 

I cG\rei and a f igu la r  d l s t r i b u t i o n  of t h e  total r a d i a t i o n  (in t h e  c a e  o f  

d i r e c t  s o l a r  r a d i a t i o n ,  t h e  change i n  t h e  h e i g h t  of  t h e  s u n  is o f  f irst  

ra te  i m p o r t a n c e )  . The a b o v e - c i t e d  mater ia l  prompts  t h e  c o n c l u s i o n  t h a t  

the d a i l y  c o n d i t i o n  o f  t h e  s p e c t r a l  snom a l b e d o  i s  v e r y  c o m p l i c a t e d  and  

v a r i e s  with t h e  o b s e r v a t i o n  c o n d i t i o n s .  

gral  snow a l b e d o  i s  a l s o  c h a r a c t e r i z e d  by  a c o n s i d e r a b l e  (but n o t  l e s -  

s e r >  daily v a r i a b i l i t y .  

l3y t h e  same t o k e n ,  t h e  in te -  

rA c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  c u r v e s  r e p r e s e n t i n g  t h e  daily con- 

d i t i o n  o f  t h e  s p e c t r a l  snow a lbedo  i s  t h e i r  f l u c t u a t i o n ,  t h e  p r e s e n c e  o f  

s e v e r a l  extremes (F ig .  6 ,  7 ) -  A monotonic r e l a t i o n s h i p  be tween t h e  albe- 

do a n d  t h e  h e i g h t  of t h e  s u n  is not o b s e r v a b l e  even u n d e r  a c l o u d l e s s  

sky (F ig .  6 ) .  

t h e  i n t e g r a l  s p e c t r a l  a l b e d o  shown i n  Fig. 6 ,  7, inasmuch as our measure- 

ments  e x t e n d  t o  t h e  0.40-0.85 micron r e g i o n  of t h e  s p e c t r u m  w h i l e  t h e  

i n t e g r a l  a l b e d o  a y p l i e s  t o  t h e  0.4-2.4 micron r e g i o n  o f  t n e  s p e c t r u m .  

I n  t h i s  p a r t i c u l a r  c a s e ,  t h e  m a l l  a m p l i t u d e  o f  t h e  d a i l y  change  

U n f o r t u n a t e l y  i t  i s  i m p o s s i b l e  t o  compare t h e  c u r v e s  o f  

o f  t h e  i n t e g r a l  a l b e d o  c a n  b e  e x p l a i n e d  o n l y  b y  e x m i n i n g  t h e  r e s u l t s  i n  

t h e  i n f r a r e d  r e g i o n  o f  t h e  spec t rum.  

It should b e  p o i n t e d  out, according t o  o u r  d a t a ,  t h a t  t h e  r e s u l t s  

i n d i c a t e d  i n  Fig. 6 a n d  7 .are most c h a r a c t e r i s t i c .  Eut  Borne i n d i v i d u a l  

c a s e s  m a y  p r e s e n t  a d i f f e r e n t  p i c t u r e .  

A r e c a p i t u l a t i o n  o f  t h e  above j u s t i f i e s  t h e  a s s e r t i o n  t h a t  t h e  spec-  

tral a l b e d o  o f  t h e  snow is  highly v a r i a b l e  in r e i a t i o n  t o  t h e  c o n d i t i o n  

o f  t h e  s n D w  c o v e r  a n d  t h e  l i g h t i n g  c o n d i t i o n s .  The v a r i a b i l i t y  o f  t h e  

snow a l b e d o  i n  r e l a t i o n  t o  t h e  wavelength a n d  t i m e  i s  v e r y  c o n p l i c a t e d ,  

a n d  c a n n o t  b e  e x p l a i n e d  w i t h  a n y  c e r t a i n t y  w i t h o u t  a t h o r o u g h  
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F i g .  6. 
28, 1958. 2reski a n d  l o o s e  snow. 

1 - Q@ mnc ( m i l l i z i c r o n ) ;  2 - 501 mrrc; 3 - 615 m c  ; 4 - 687 mrnc; 5 - 
742 mmc; 6 - i n t e g r a l  a l b e d o ,  o v e r c a s t  2/0.  

The dayt ime c o n d i t i o n s  of  t h e  s p e c t r a l  snow a lbedo  on March 

70 

60 

I I I I 1 I 1 1 I ,  

5.u fU I2 14 16 Tvac 

Fig. 7. 
1957. F r e s h ,  pure and f i n e - g r a i n e d  snow. 

1 - 40Q mrnc ( m i l l i m i c r o n ) ;  2 - 500 mmc; 3 - 640 nmc; 4 - 667 mmc; 5 - 
742 m c ;  6 - i n t e g r a l  a l b e d o ,  o v e r c a s t  10/0, 

i n v e s t i g a t i o n  of tne  p h y s i c a l  p r o p e r t i e s  and c o n d i t i o n  o f  t h e  snow cove r ,  

The dayt ime c o n d i t i o n  o f  the s p e c t r a l  snow a l b e d o  on March 18, 

A s i m u l t a n e o u s  i n v e s t i g a t i o n  of  t h e  s p e c t r a l  a l b e d o  and  t h e  snow c o v e r  

c o n d i t i o n  is  t h e r e f o r e  a m a t t e r  o f  g r e a t  impor t ance .  

It  i s  i m p o r t a n t  t o  p o i n t  OUT, t h a t  t h e  s e l e c t i v e  r a d i a t i o n  ref lec-  

t i o n  b y  t h e  snow i n  t h e  s p e c t r a l  r e g i o n  unde r  study is not v e r y  Fromi- 

n e n t .  The s p e c t r a l  composi t ion  o f  the r a d i a t i o n  t h e r e f o r e  remains  

p r a c t i c a l l y  unchanged as a r e s u l t  of i t s  r e f l e c t i o n  f ro=  t h e  snow cove r .  



Fig. 8. a - in t h e  spectrum of the i n c i d e n t  
t o t a l  r a d i a t i o n  on IJfzrch 4, 1957; b - i n  the spectrum of r a d i a t i o n  
fleeted from t h e  snow surface o n  Parch 4 ,  1957. 

E n e r g y  d i s t r i b u t i o n .  

I - 12:o.o noon; 2 - 1:m p; 3 - z:oo pm; 4 - 3 : Q O  pm; 5 - 4:oo r;m 

Legend: 1) Ehergy in relative units. 

re- 



d i s t r i b u t i o n  c u r v e s  i n  t h e  spectrum o f  total and r e f l e c t e d  r a d i a t i o n  

base6 on o b s e r v a t i o n c  o f  dry and pure snow u n d e r  a c l o u d l e s s  s k y  and a 

h a z e  u n d e r  f l e e c y  clazzds ( t h e s e  data a re  pre3,iEinax-y). The two cu rve  

s y s t e m s  shown i n  t h i s  f i g u r e  are a p p a r e n t l y  c o m p l e t e l y  s imilar .  Thus 

the s p e c t r a l  composi t ion  o f  t h e  r a d i a t i o n  i n  t h i s  case i s  p r a c t i c a l l y  un- 

changed by t h e  r e f l e c t i o n .  

2. The V e g e t a t i v e  Cover  

U n l i k e  t h e  snow c o v e r  t h e  r e f l e c t i n g  power o f  t h e  v e g e t a t i v e  cover 

ha6 been  i n v e s t i g a t e d  fairly t h o r o u g h l y .  

F ig .  9. The r e l a t i o n s h i p  between t h e  grass a l b e d o  and t h e  waveiengtn .  
February  19 ,  1956. Karadag. 

1 - 3 :oo  PIE; 2 - pm; 3 - j:oa prc, o v e r c a s t  O/O. 

Numerous measurements of t h e  s p e c t r a l  b r i g h t n e s s  of v a r i o u s  v e g e t a -  

t i v e  c o v e r s  were made by Ye. L. Krinov r.51. I n t e r e s t i n g  data on s i m i l a r  

l a b o r a t o r y  measurements may be found i n  C71. The u s e  of l i g h t  f i l t e r s  

f o r  measur ing  p u r p o s e s  [1] h a s  produced a l a rge  number o f  d i f f e r e n t  re- 

s u l t s .  The f igures  on t h e  s p e c t r o p h o t o m e t r i c  measurements  o f  t h e  albedo 

of  n a t u r a l  v e g e t a t i v e  cavers  w e r e  first c i t e d  i n  %ark c31. 

T h e  r e s u l t s  of a l l  t h e  Rent ioned  i n v e s t i g a t i o n s  show t h a t  l o w  a l b e d o  

v a l u e s  a re  c h a r a c t e r i s t i c  o f  d i f f e r e n t  t y p e s  o f  g r e e n  p l a n t s  ( s u c c u l e n t  
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grzss 25y22, green t r e e  ; = ~ ~ ~ ~ *  e t c .  1 in --- v i b i o i e  - 2 -  r e g i o n  o f  tile spec-  

t r u m  w i t h  a s m a l l  maximum i n  t h e  a r e a  o f  500-550 m i l l i m i c r o n  and a mini-  

mum in t h e  c t i l o rophy l  a b s o r F t i o n  band t abou t  h = 650 E i l l i m i c r o n ) .  

a l b e d o  is g r e a t l p  enhanced a t  a wavelength a b o u t  7 0 C  m i l l i m i c r o n .  hc-  

c o r e i n g  t o  c71, t h e  albedo retains i t s  high magni tude  up t o  a wavelength  

The 

o f  a%out 1 micron. &hen t h e  v e g e t a t i o n  t u r n s  y e l l o w ,  t h e  minimum re- 

f l e c t i o n  in the r e g i o n  o f  c h l o r o p h y l  a b s o r p t i o n  i s  no l o n g e r  o b s e r v a b l e .  

Our o b s e r v a t i o n s  r e v e a l e d  the same g e n e r a l  p i c t u r e ,  t h e  o n l y  n o t a b l e  d i f -  

f e r e n c e  b e i n g  a n  i n d i c a t i o n  o f  the e x i s t e n c e  o f  a c l e a r l y  d e f i n a b l e  maxi- 

5 3 m  a l b e d o  i n  t h e  wavelength rmge o f  770-800 m i l l i m i c r o n .  

judged from Fig. 9 pFhich shows t h e  r e s u l t s  o f  three s e r i e s  o f  measure- 

z e n t s  o f  t h e  a l b e d o  o f  f r e s h ,  s u c c u l e n t  Sudan-grass based on c b s e r v a t i o n s  

u n d e r  a cloudless sky. It is d i f f i c u l t  t o  say why w e  p r e v i o u s l y  fa i led 

t o  n o t e  this c l e a r l y  d i s c e r n i b l e  Eax imum r e f l e c t i o n  o f  t h e  greea vegeta- 

This can be  

t i v e  c o v e r  i n  t h e  longwave r e g i o n .  T h i s  a p p a r e n t l y  c o u l d  n o t  b e  done i n  

C7.j b e c a u s e  t h e  measurements had been made under  l a b o r a t o r y  c o n d i t i o n s ,  

A s  f o r  Ye. L. K r i n o v ' s  work c51, i t  is p o s s i b l e  t h a t  t h e  methods of de- 

t e r m i n i n g  t h e  c o e f f i c i e n t s  o f  t h e  s p e c t r a l  b r i g h t n e s s  i n  the near i n f r a -  

r e d  r e g i o n  o f  t h e  s p e c t r u m  u s e d  i n  t h a t  work were n o t  s u f f i c i e n t l y  r e l i -  

ab1 e. 

A c l o s e  a n a l y s i s  o f  Ye. L. Kr inov ' s  data shows, however,  that i n  

some cases t h e  c u r v e s  of  t h e  s p e c t r a l  albedo o f  g r e e n  plants have a 

t endency  t o  d e c l i n e  a t  a wavelength o f  a b o u t  800 m i l l i m i c r o n .  Observa- 

t i o n s  made w i t h  l i g h t  f i l t e r s  a l s o  f a i l e d  t o  r e v e a l  any  d e c r e a s e  i n  t h e  

a lbedo  i n  t h e  longmave r e g i o n .  The p r i n c i p a l  r eason  i n  this c a s e  w a s  

a p p a r e n t l y  t h e  i n a d e q u a t e  r e s o l v i n g  power of t h e  l i g h t  f i l t e r s .  

An i n d i r e c t  c o n f i r m a t i o n  o f  o u r  c o n c l u s i o n s  a b o u t  t h e  maximum re- 

f l e c t i o n  i n  t h e  s h o r t w a v e  p o r t i o n  o f  t h e  n e a r  i n f r a r e d  r e g i o n  o f  the 



F i g .  10, The r e l a t i o n s h i p  between t h e  a l b e d o  o f  t h e  b a r l e y  f i e l d  
s u r f a c e  a n d  t h e  wavelength  i n  various s t a g e s  o f  v e g e t a t i o n .  

1 - g r e e n  b a r l e y  on June 20, 1956; 2 - yel low b a r l e y  on July 4, 1956; 
3 - b a r l e y  s t u b b l e  on 28 June ,1956,  o v e r c a s t  O/O, 

s p e c t r u m  c a n  be  found i n  V .  I .  Matulyavich i n  h i s  work C83 i n  which t h e  

i n t e g r a l  a l b e d o  was measured by a YanishevskAy pyranometer  a n d  t h e  a l b e -  

' do i n  t h e  v i s i b l e  r e g i o n  o f  t h e  spec t rum by a s e l e n i u m  c e l l .  a c c o r d i n g  

t o  C8J, t h e  a lbedo  of t h e  v e g e t a t i v e  c o v e r  i n  t h e  v i s i b l e  r e g i o n  o f  t h e  

s p e c t r u m  i s  c a n s i d e r a b l y  h i g h e r  t h m  t h e  i n t e g r a l  a l b e d o .  T h i s  would 

be i m p o s s i b l e  w i t h  a h i g h  a l b e d o  m a p i t u d e  i n  a wide i n t e r v a l  o f  t h e  

n e a r  i n f r a r e d  r e g i o n  o f  t h e  spectrua, as r e v e a l e d  i n  i73,  a n d  i t  t h u s  

p r o v i d e s  an a d d i t i o n a l  argument against  t h e  p o m i b i l i t y  of a p p l y i n g  

t h e  l a b o r a t o r y  d a t a  [7] to n a t u r a l  c o n d i t i o n s .  A marked decrease i n  

t h e  s p e c t r a l  c o e f f i c i e n t  o f  t h e  br i$ tness  o f  a la rge  number o f  p l a n t s  

between 8OO-gOO and 1,200 m i l l i m i c r o n  w a s  r e v e a l e d  i n  a r e c e n t  work by 

H. L. P e r e v e r t u n  C93. 

It i s  i n t e r e s t i n g  t o  t r a c e  the e v o l u t i o n  o f  t h e  r e f l e c t i n g  power 

o f  v e g e t a t i v e  c o v e r s  u n d e r  c h a n g i n c  v e g e t a t i o n  p h a s e s .  F i g .  10 shows 

s u c h  a n  e v o l u t i o n  on a b a r l e y  f i e l d .  That  example i s  q u i t e  i n d i c a t i v e  

as t h e  o t h e r  v e g e t a t i v e  c o v e r  r e v e a l  a similar p i c t u r e .  A c l o s e  l o o k  

a t  Fig, 10 shows t h a t  a s  t h e  b a r l e y  t u r n s  y e l l o w  t h e  m i n i m u m  r e f l e c t i o n  



d i E a p p e a r s  from t h e  regton of  c h l o - w ~ h g l  absorp t ioo ,  a n d  t h = t  t h e  a lbedc  

i n  a l m o s t  t h e  e n t i r e  q e c t r a l  rerim under  i n v e s t i g a t i o n  is f u r t h e r  en- 

hanced .  A f u r t i l e r  g r a d u a l  i n c r e a s e  i n  t h e  a lbedo  i n  t h e  d i r e c t i o n  o f  

l o n g  Eaves  o c c u r s  i n  t h e  case o f  b a r l e y  s t u b b l e .  

No s t u d y  h a s  a6 yet been  made of  t h e  d a i l y  c o n d i t i o n s  of t h e  spec-  

tral albedo of  v e g e t a t i v e  cove r s .  It i s  known that  t h e  i n t e g r a l  a l b e d o  

of v e g e t a t i o n  as a r u l e  i n c r e a s e s  with t h e  d e c r e a s i n g  h e i g h t  o f  t h e  sun. 

But no  d a t a  are a v a i l a b l e  on such  a change o f  t h e  s p e c t r a l  a lbedo .  Our 

measurements s e r v e  t o  c o n f i r m  t h e  h o m  p a t t e r n s  o f  t h e  d a i l y  p r o g r e s s  

o f  t h e  i n t e g r a l  a l b e d o ,  and f o r  t h e  f i r s t  t i m e  f a c i l i t a t e  a n  a n a l o g i c a l  

a n a l y s i s  o f  t h e  s p e c t r a l  a l b e d o  p a t t e r n .  We h a s t e n  t o  p o i n t  o u t ,  how- 

ever ,  t h a t  t h e  d a i l y  p r o g r e s s  of  t h e  s p e c t r a l  a l b e d o  i s  c o n s i d e r a b l y  

more c o m p l i c a t e d  and  v a r i a b l e .  

A 

a 

c9 9 0-5 
v-6 0 

/ 

I 

rva c = hour] 

Fig.  11. The d a y t i a e  c o n d i t i o n  o f  t h e  s p e c t r a l  a n d  i n t e g r a l  a l b e d o  o f  
b a r l e y  on J u l y  4, 1956. 
1 - 417 mnc ( m i l l i m i c r o n ) ;  2 - 500 m c ;  3 - 640 mnc; 4 - '72.2 m ~ c ;  5 - 
800 mnc; 6 - i n t e g r a l  a l b e d o ,  o v e r c a s t  O/O,  



tral a n d  i n t e g r a l  a l b e d o  b a s e d  on t h e  same o b s e r v a t i o n s  of  barley. An 

e x a m i n a t i o n  of  F ig .  11 r e v e a l s  t h a t  t h e  a l b e d o  d i f f e r s  i n  v a r i o u s  sec-  

t i o n s  o f  t h e  spec t rum.  The a l b e d o  i n  t h e  r e g i o n  o f  t h e  l o n g e s t  wave6 

i n c r e a s e s  with t h e  d e c r e a s i n g  height o f  t h e  sun. Xo monotonic  r e l a t i o a -  

s h i p  be tween t h e  a l b e d o  a n d  t h e  h e i g h t  of  t h e  sun is o b s e r v a b l e  i n  t h e  

o t h e r  s e c t i o n s  o f  t h e  s p e c t r u m .  A comparison of  t h e  c u r v e s  r e p r e s e n t -  

i n g  t h e  d a i l y  p r o g r e s s  o f  t h e  i n t e g r a l  and s p e c t r a l  a l b e d o  prompts  t h e  

c o n c l u s i o n  t h a t  t h e  d a i l y  progress of  t h e  i n t e g r a l  a l b e d o  is a p p a r e n t l y  

d e t e m i n e c ?  by t h e  c h a n g i n g  a l b e d o  i n  t h e  n e a r  i n f r a r e d  r e g i o n  o f  t h e  

s p e c t r u m  under  t h e  e f f e c t  o f  t h e  sun's h e i g h t ,  

The d a t a  c i t e d  i n  Fig. 11 a r e  t h e  only i n d i v i d u a l  exaEp1e.s of  t h e  

o b s e r v a b l e  p a t t e r n s .  For example, t h e  a l b e d o  i n  t h e  near i n f r a r e d  re-  

g i o n  o f t h e  s p e c t r u m  o c c a s i o n a l l y  d e c r e a s e s  w i t h  t h e  d e c r e a s i n g  h e i g h t  

o f  t h e  s u n ,  and a s i m i l a r  d a i l y  progress o f  t h e  a l b e d o  i s  o b s e r v a b l e  

i n  t h e  c a s e  o f  s h o r t  waves. The l a t t e r  fully a g r e e s  xii3-i t h e  results 

of  V. I .  M a t u l y a v i c h ' s  o b s e r v a t i o n s  [I81 P;kiich r e v e a l e d  a S e c r e a s i n g  al- 

bedo i n  t h e  v i s i b l e  r e g i o n  o f  trie spec t rum w i t h  t h e  decreasing h e i g h t  

o f  t h e  sun. 

The analysis o f  t h e  s p e c t r a l  a lbedo  o f  v e g e t a t i v e  c o v e r s  f a i l e d  

t o  take into account  t h e  p o s s i b l e  e f f e c t  o f  t h e  l i g h t i n g  c o n d i t i o n s .  

The r e a s o n s  f o r ' t h a t  i s  t h a t  i n  t h i s  case t h e  e f f e c t  o f  t h e  l i g h t i n g  

c o n d i t i o n s  is n o t  as e s s e n t i a l  a8 i n  t h e  c a s e  o f  t h e  snow c o v e r .  The 

b a s i c  f e a t u r e s  of t h e  r e l a t i o n s h i p  between t h e  albedo o f  t h e  v e g e t a t i v e  

c o v e r s  a n d  t h e  a a v e l e n g t h  r eEa in  unchanged u n d e r  any light c o n d i t '  i o n s .  

A s  f o r  t h e  p a t t e r n s  o f  t h e  d a i l y  progress o f  t h e  s p e c t r a l  a l b e d o ,  t hey  

a r e  s u b j e c t  t o  g r e a t e r  changes.  Vie must accunula te  f u r t h e r  o b s e r v a -  

t i o n  mater ia l s ,  however, i n  o r d e r  t o  make t h e  c o n d u s i o n s  on t h i s  p o i n t  



v e r y  d e f i n i t e .  

T h e  o b j e c t  o f  o u r  n e x t  i n v e s t i g a t i o n s  o f  t h e  q e c t r a l  a l b e d o  is 

t o  a c c u m u l a t e  more m a t e r i a l s  aad develop a s e t  o f  l n s t s u n e n t s  designed 

t o  measure t h e  a l b e d o  i n  t h e  r e g i o n  of l o n g e r  waves. 

W e  should p o i n t  o u t  i n  c o n c l u s i o n  t h a t  o n l y  a s m a l l  p o r t i o n  o f  the 

o b s e r v a t i o n  mater ia ls  a r e  c i t e d  i n  t h i s  t e x t  w i t h  a view t o  i l l u s t r a t i n g  

c e r t a i n  c o n c l u s i o n s .  A more complete summary of  our o b s e r v a t i o n  r e s u l t s  

is p r o v i d e d  i n  " the  supplement  (See a p 9 e n d i c e s  I, 2,  3). 
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C o l ~ n n  4 - CONDITIONS OF SNOW COVER 

(English text of  Russian entries) 

Compact, pure & large-grained snou. 
Ditto. 
Compact, pure, large-grained, day-old snou. 
Fresh, dry & loose snow. 
Loose, dry, fine-grained, day-old snou. 
Drg & impure SROV with dark patches aftRr a dr i f t ,  wet, 
Stale, dark & ampact snow with a fine-grained crwt, d r i f t .  
Pure, fine-grained C compact snow with patches of stale snow. 
Fresh, pure & fine-grained snow, rolling surface after snowstom. 
D r y ,  compact & stale snow, ro l l i ng  surface, pure. 
Stale, compact, day-old and dry snow. 
Fresh, loose & dry snow, thin layer. 
Fresh, loose & dry snow, thin layer, sl ight  drift .  
Day-old, dry & fine-grained snow, rolling surface. 
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Appendix 2 - Cont. 

Column 4 - CONDITIONS OF' SNOW COVER 

(English text of  Russian entries) 

Pure, fresh & loose snow. 
D i t t o .  
Compact, pure, fine-grained & dry snou. 
Dry, fine-grained bc pure snow. 
Dry, irzle-grained & pure snow, drift .  
a=, fins-grained & pare snuu, no drift. 
Stale, campact, dry & fine grained snow. 
D r y ,  compact & fine-grained snow. 
Fresh & loose snow made compact by Sun's heat. 
Impure, wet & ccrmpact snow. 
Impure & w e t  snow. 
Iinpure, wet & freezing snow. 

Dry, impure & fine-grained snow. 
Dry, stale & compact snow. 
R-esh, cotton-like snow (s ta le  snow v is ib le  through i t ) .  
Pure, loose snow. 
Pure, loose & w e t  snow. 

Impure, porous, coarse & wet snow. 
Dry ,  impure, porous & granular snow. 
Wet & impure snow with greater porosity. 
Macrocrystalline & hpure snow. 
Wet snow, glittering snow drops. 
Crystalline & impure snow, diminishing, t h in  layer, wet. 
Porous & w e t  snou with moisture drops, impure. 

Impure & hard snow. 

Ilqmre, porous & coarse smw. 
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Amendix 3 - Cont, 
Col~mn 4 - SURFACE 

(English t ex t  of Russian entries) 

Beach pebble. 
lata. 
Thin, mcculent Sudan-grass (9 am high *om ground), drg sofl. 
TMn, succulent Sudan-grass (lj-20 cm high), dry soil .  
Barley in ear-forming stage, 1 meter high. 
Barley turned yellow, ripe. 
The sagaer barle7. 
Sudan-grass stubble, damp soil. 
Barley stubble, &imp so i l .  
Barley stubble, dry soil. 
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